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RADIANT ENERGY REFLECT OR DEVICE

2 _ .
with Mohrfeld can, over a range of slat and sun angles, |
reflect a substantial proportion of the incident energy

_into the shaded space. I have deduced that these in- -

This apphcatmn 1S a contmuatlon of appllcatlon Ser
No. 917,370, filed June 20, 1978 and now abandoned, 5
which is itself a continuation-in-part of application Ser.
No. 746,844, filed Dec. 2, 1976 and now abandoned.
~ This invention concerns radiant energy reflecting
devices, and in particular provides a radiant energy

reflecting screen which can be used to form a solar 10

~ energy barrier to prevent the penetration of unwanted
energy into a shaded space. The invention has particu-
‘lar, but not exclusive, application to solar energy
screens which are constructed as louvred screens, lat-
ticed screens or folded or gathered screens. The term 15
“louvred screens” will generally be understood to in-
clude venetian blinds, louvred storm wmdows and o
louvred doors and shutters.
~ Other areas of application of the present invention
include grilles to allow the passage of fluid media, but 20
not radiant energy, for example ventilation grilles for
equipment and for buildings. |
The screen of the present invention utilises reflecting
“members which are equipped with *“second surface -
retro-reflective elements”. 25
Retro-reflectors are reflecting bodies which reflect
incident radiation back in the direction from which it is
incident. They generally take one of three basic forms,
namely (a) two or three planar reflectors at right angles
to each other, (b) a lens with a mirror in 1ts focal plane, 30
and (c) a concave mirror with a smaller mirror at or
near its focus. Each of these basic forms may be either
a first-surface reflector (in which reflection occurs on
the front face of the reflector) or a second-surface re-
flector (in which the incident radiation penetrates a 35
transparent material, the front surface of which consti-
tutes the first face, and reflection occurs at the second
~ or rear face of the transparent material).
In more detail, the property of retro-reflection 1is

exhibited where two reflectors are placed at right an- 40

gles to each other. An incident energy ray in any plane
which is reflected from one reflector to the other will be
reflected in a parallel (but displaced) plane. Further-
more, if three reflectors are placed at right angles to
each other (so as to form the internal corner of a cube), 45
an incident energy ray which is reflected sequentially
from each of the three reflectors, will be reflected in a
parallel (but displaced) path. Such reflectors have been
called “retro-reflectors”, “retro-directive mirrors”, and

“cube-corner reflectors”. The principle of retro-reflec- 50

tivity is further described in, for example, the “Encyclo-
pedia of Science and Technology” published by the
McGraw-Hill Book Company, Inc in 1960, under the
heading “Mirror Optlcs |
The closest prior art to the present invention is be- 55
lieved to be the venetian blind assembly illustrated in
U.S. Pat. No. 2,103,788 (to Mohrfeld). That specifica-
tion discloses venetian blinds in which each slat of the
blind has one surface which comprises a plurality of
longitudinally extending, adjoining, narrow, highly 60
reflecting surfaces disposed at an angle of approxi-
mately 45° to the plane of the slat and at angles of ap-
proximately 90° to each other. Such a surface comprises
a two-plane, first-surface retro-reflector as discussed
above, and such a surface does under certain conditions 65
operate to reduce the amount of solar energy penetrat-
ing into a space shaded by the venetian blind. I have
found, however, that blinds constructed in accordance

wardly directed rays have eminated from the extremi-
ties of the retro-reflector elements, where they have not
been retro-reflected, but have been singly reflected at
an oblique angle to the slat, and have thus been directed
inwards. | “ S

The present invention seeks to re-dlrect these obllque .

rays, by incorporating a refractor element into each =

retro-reflector. The processes will be illustrated later.
It should be noted that the principle of a reflector

element and a cooperative refractive element encom-

passes other retro-reflective constructions, such as the'
lense/mirror combinations referred to above. -

Re-reflection of incident energy into the shaded -
space is also a preblem with the highly reflective sur-
faces disclosed in Australlan patent spemficatlon No. .

1 203,859.

It 15 a prime objeetlve of the present invention to
provide a radiant energy screen which can be used in

‘place of venetian blinds and the like to reduce the trans- -
ferrence of radiant energy into the shaded space by

re-reflection. |

According to the present invention, there 1s prowded |
a radiant energy screen bounded by, inter alia, an imagi-
nary outer surface and an imaginary inner surface, said

screen comprising a plurality of lamellar radiant energy -
reflecting members, each member bemg characterised

by
(a) being of elongate form and adapted to be located-
with a first longitudinal edge on said inner surface and

a second longitudinal edge on said outer surface; and

(b) being constructed with a plurality of second-sur-
face retro-reflecting elements formed in or attached to
the surface of said member that is usually inclined

towards or facing said outer surface. Preferably the

retro-reflective elements of the reflecting members are

cube-corner reflectors, or comprise a lens element in

cooperation with a reflecting surface. -
The radiant energy reflecting members used in the

present invention may be formed in any suitable man-

“ner, including rolling, casting or stamping the desired -

reflective surface configuration into a body, such as

‘venetian blind strip material, and subsequently (if neces-

sary) applying a coating of a reflective material. Other
methods of forming the radiant energy reflecting mem-

- bers will be described later.

To further understand the present 1nvent10n, this
description will now continue with reference to the-
accompanying drawings, in which: |
FIG. 1 illustrates a portion of a known form of radi-

ant energy reflector device, namely the venetian blind

~slat construction chosen by Mohrfeld for the screen

illustrated and described in his U.S. Pat. No. 2,103,788;
- FIG. 2 illustrates the retro-reflective property of the -
surface of the embodiment of FIG. 1, and 1ts fallure to

be retro-reflective in general; |
FIGS. 3 and 4 illustrate possﬂale re—reﬂectmn paths .

for incident radiant energy in louvred screen devices

which incorporate slats having the structure of FIG. 1;
FIGS. 5 and 6 are cross-sectional representations of
alternative reflecting surface configurations for use, in

conjunction with an over-lying transparent medium, as -

reflecting members in the present invention;
FIGS. 7 and 8 illustrate second surface radiant energy
reflecting members which are constructed to have a
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reflecting surface configuration as illustrated 1n, respec-
tively, FIGS. § and 6;

FIGS. 9 and 10 illustrate a retro-reflective surface
utilising a cube-corner reflector; and

FIGS. 11 to 14 illustrate further slat constructions,
utilising lens/focal plane mirror retro-reflectors and
concave mirror/secondary mirror retro-reflectors,

which the present inventor has designed for use with
the reflecting members of the present invention.

Referring firstly to FIG. 1, there is shown a two-
plane first-surface retro-reflective device which consists
of a longitudinally corrugated aluminium reflector hav-
ing reflective surfaces A and B disposed substantially at
right angles to each other. Referring to FIG. 2, which 1s
a cross-section through two reflective surfaces of the
device of FIG. 1, it will be seen that, in general, when
a beam of energy is incident upon the reflective surface,
a portion of the beam, typified by the illustrated beam
path 6-8, will be reflected from the surface A to the
surface B along the path 8-9 and, on re-reflection from
the surface B, will emerge from the reflector along path
9-10 in a parallel plane. It will also be apparent from
FIG. 2 that another portion of the beam of energy inci-
dent upon the reflective surface, typified by beam paths
4-1 and 5-7, will be reflected once only to be scattered
in direction 1-11 and 7-12. Thus it can be seen from this
Figure that in general, only a portion of an incident
beam of energy is truly retro-reflected, unless the inci-
dent beam strikes at one particular angle, nevertheless,
in the terminology of this field, the structure of FIG. 2
is called a retro-reflector.

FIGS. 3 and 4 illustrate a venetian blind constructed
of slats having the shape illustrated in FIG. 1, post-
tioned between an imaginary inner surface 17 and an
imaginary outer surface 18, and show how re-reflection
of incident radiation can be undesirable. FIG. 3 illus-
trates a case in which slats C and D are oriented so that
a ray entering along path 15 is deflected from one slat to
the next and into the shaded space along path 16. Simi-
larly, referring to FIG. 4, it can be seen that such unde-
sirable re-reflection into the shaded space may take
place when a high elevation beam 15 strikes the outer
end of the reflector surface D. It can be seen from these
diagrams that, in practice, inward re-reflections from a
low sun angle (FIG. 3) occur as a result of a beam such
as 4-1-11 in FI1G. 2. |

I have found that such re-reflection from louvred
screens having the basic slat construction of FIGS. 3
and 4 can be substantially reduced if the individual slats
(reflecting members) have their outwardly disposed
surfaces constructed to include, or comprise, a plurality
of second surface retro-reflecting elements.

FIGS. 5 and 6 illustrate alternative reflecting surface
constructions which may be used with the reflecting
members of the present invention. These structures are
particularly useful because they can be incorporated
into conventional venetian blind strip material without
having to resort to complicated and expensive new
fabrication techniques and equipment.

In FIG. 5, the corrugated reflecting surface 1s soO
constructed that the included angles between the peaks
and troughs of the corrugations remain unaltered at
approximately 90°, but the reflecting surface widths are
varied so that the energy reflecting member has a
curved profile. The reflective structure shown in FIG.
6 is also corrugated but the reflective surtaces are con-
structed so that the upper included angle between the
reflective elements is 90° only at the mid-width point of
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the lamellar structure. With this construction, alternate
reflective facets no longer lie in parallel planes.

FIGS. 7 and 8 illustrates an actual slat (reflecting
member) that may be used in the present mvention.
These reflecting members are formed as two-plane se-
cond-surface reflectors, which may conveniently be
fabricated by extruding a transparent venetian blind slat

with corrugations on the underside, configured in ac-
cordance with the principles illustrated in FIGS. § and
6, then coating the underside of the slat with a reflective

film. FIG. 8 is a cross-section through such a reflecting
member and illustrates that a ray incident along path
6-1, strikes the surface of the transparent material at
point 1, and is refracted along path 1-2. It is then re-
flected along path 2-8 to point 8 on the surface, where
it is totally internally reflected. It then strikes the re-
flecting surface at 4 and leaves the structure along path
5.7 at a different angle to the ray emerging along path
1-11 of FIG. 2, but nevertheless at an angle which
would be effective to prevent energy penetrating a
louvred screen by re-reflection, as shown in FIGS. 3
and 4. Thus, by uitlising this form of reflecting member,
the undesirable reflections illustrates in FIGS. 3 and 4
may be reduced or eliminated.

Turning now to FIGS. 9 and 10, there is shown a
known form of three-plane, first-surface (FIG. 9) and
second-surface (FIG. 10) reflector structure, namely an
array of “cube-corner” reflectors, which may be em-
bodied in a planar or curved venetian blind slat to form
a reflecting screen of the present invention. When com-
pared with similar two-plane reflectors, the reflecting
structures of FIGS. 9 and 10 exhibit the further advan-
tage that reflected incident energy is reflected In a par-
allel line, and not a parallel plane. Once again, for this
form of reflecting surface to be used in the present in-
vention, it must first be overlaid with a transparent
medium, thus utilising the principles discussed above in
relation to the embodiment of FIGS. 7 and 8.

It is also possible for the energy reflecting members
used in the present invention to be constituted by a
curved lens/focal plane mirror construction. As with
two-plane and three-plane reflecting structures, these
can provide retro-reflectivity in two dimensions (for
example, in the form of an extruded transparent curved
sheet with lens-profile surfaces, mounted over a mirror-
surfaced base member) or in three dimensions (for ex-
ample, in the form of an array of glass spherical beads,
suspended over a curved reflective surface). FIG. 11
illustrates one such configuration in which elements 21
are transparent rods or spheres set In a matrix 22 of
lesser refractive index, above a reflective surface 23.

FIG. 12 illustrates a modified form of the venetian
blind slat of FIG. 11. The slat of FIG. 12 has an outer
surface 51 comprising a matrix of glass bead lens ele-
ments located in the surface of a transparent medium
above a reflecting surface 52.

The last form of energy reflecting member for use In
the present invention that is illustrated in the drawings
is a curved lamellar body constructed as a concave
mirror/secondary mirror retro-reflector (for example, a
“cats-eye” retro-reflector). In FIG. 13, a concave mir-
ror 31-32, which may be circular or parabolic in cross-
section, has a small mirror 33 near 1ts focus. A typical
ray 34-32 is is retro-reflected through 180° to emerge
along ray path 31-35. As with other retro-reflector
types, these embodiments may be two-directional with
longitudinally extending mirrors of constant Cross-sec-
tion, or they may be three dimensional, with primary
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mirrors formed of sphere segments, thus providing total

retro-reflectivity rather than planar retro-reflectivity.
FIG. 14 is a cross-section through a venetian blind slat,
in which 41 is the transparent body of the slat, elements
42 are a series of concave reflectors formed on the rear
of the slat, and elements 43 are small secondary reflec-
tors formed on the transparent face of the slat.
Finally, it should be noted that since the energy re-
flecting members of the present invention are effective
to reduce the transmission of energy by re-reflection

- when incorporated into louvred screens, it 1s possible to

make the inward facing surfaces of such screens highly

reflective, hence lowering their emissivity.

- While the present invention has been described
herein with reference to preferred embodiments, it will

be generally understood by persons skilled in the art

that various changes may be made and equivalents sub-

stituted for elements thereof without departing from the
true spirit and scope of the present invention. |
I claim:
1. A radiant energy screen bounded by, inter alia, an
imaginary outer surface and an imaginary inner surface,
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said screen comprising a plurality of slats, each slat
being lamellar and of elongate form, characterized in

that:
(a) each slat has a plurality of retro-reflective structures

embodied within the slat;

235

(b) the retro-reflective structures incorporate a body of

material which is transparent to radiant energy, the
outer surface of said body of transparent material
forming one face of the structures;

(c) each slat, in use, is inclined at an angle relative to the

said imaginary outer surface.
2. A radiant energy screen as defined in claim 1, in

which each retro-reflective structure is of prismatic
form and is formed at the back surface of said body of
transparent material as groups of planar reflecting sur-
faces set substantially at right angles to each other.

30

6

3. A radiant energy screen as defined in claim 2, in
~which the number of planar reflecting surfaces in each
said group is two. |

4. A radiant energy screen as defined in claim 2, in
which the number of planar reflecting surfaces in each
said group is three.

5. A radiant energy screen as defined in claim 1, in
which each retro-reflecting structure comprises a body
of a material which is transparent to incident radiant
energy, within. or upon which there 1s located a lens
element, the focal plane of said element falling within

said transparent medium or at the rearmost boundary

 thereof, a reflecting surface being located at or near said

focal plane.
6. A screen as deﬁned in claim 5, in which each lens

element comprises a spherical or part-spherical surface.

7. A screen as defined in claim 5, in which each lens
element is cylindrical or part-cylindrical, and the axis of
said cylinder or part-cylindrical surface is located paral-
lel to the longitudinal direction of said elongate slat.

8. A screen as defined in claim 1, in which each retro- -
reflective structure comprises a body of a material that

1is transparent to incident radiant energy, within or at

the rearmost surface of which is a concave reflecting
surface, the focus of which is within or at the fore-most
surface of said transparent material, a second reflecting
surface being located at or near said focus.

9. A screen as defined in claim 8, in which each said
concave reﬂectlng surface has a spherical or paraboloid
form. | |
10. A screen as deﬁned in claim 8, in which each said
concave reflecting surface is elongate in the -elongate
direction of said slats, and has a circular or parabolic

. cross-section.

35

45
50

55

60

65

11. A screen as defined in claim 1, in which the sur-
face of each slat that is usually inclined towards or

facmg said inner surface is highly reflecting.
. & L L k ok
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